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EVALUATION  PROGRAM  FOR  A  RADIOACTIVE  LK^UID  WASTE  TREATMENT  FACILITY 


I.  INTRODUCTION. 

A  facility  for  the  concentration  of  low  level  radioactive 
liquid  waste  has  been  designed,  and  fabricated  for  this  Laboratory. 
Prior  to  releasing  this  facility  for  routine  operation,  eui  evaluation 
program  will  be  conducted.  The  objectives  of  this  ev6d.uation  are  to; 

1.  Determine  the  optimum  operating  conditions  of  the 
radioactive  liquid  waste  treatment  facility. 

2.  Determine  the  capabilities  and  limitations  of  this 

facility. 

3.  Determine  the  effect  of  the  operating  variables  on  the 
decontamination  factor  (DF)  and  concentration  factor  (CF). 

This  work  was  authorized  under  USA  CmlC  RSsD  Project  No, 

4x12-01-001. 


II.  BACKGROUND. 

A.  giatorical. 

The  Department  of  the  Army  has  assigned  responsibility  for 
radioactive  waste  disposal  to  the  USA  Chemical  Corps.  One  aspect  of 
this  responsibility  is  the  disposal  of  large  volumes  of  low  level  li¬ 
quid  waste.  The  Nuclear  Defense  Laboratory  (NDL)  has  been  requested  to 
study  and  recommend  disposal  methods  for  these  wastes, 

A  study  of  the  problem  by  NDL  Indicated  that  a  great  veiriety 
of  low  level  liquid  wastes  are  generated  at  widely  scattered  locations. 
These  include  primary  coolant  water  and  decontaminating  wastes  generated 
at  all  U.  S.  Army  reactor  sites,  and  laboratory  euid  laundry  wastes  gen¬ 
erated  by  research  laboratories  using  radioactive  Isotopes.  These 
wastes  may  contain  almost  any  isotope,  along  with  corrosion  products, 
acids,  detergents,  etc.  Consequently  a  flexible,  medium  capacity, 
semi -fixed  facility  is  needed. 

B.  Equipment  Requirement. 

The  following  general  requirements  were  establlihed  for  a 
unit  to  accomplish  the  task: 

1.  A  capacity  of  150-300  gallons  per  8  hour  work  shift, 
including  startup,  shutdown,  and  sludge  removal. 


effluent . 


2.  A  minimum  decontamination  factor  (CF)  of  10^,  feed  to 


3.  A  compact,  flexible,  semi-fixed  design. 

A  contract  let  to  the  Pfaudler  Pennutit  Co.  for  the  Unit. 
Under  terms  of  this  contract,  the  vaste  treatment  facility  will  be  de¬ 
livered  and  installed  at  the  Army  Chemical  Center  during  October  1961, 
Initial  operation  will  be  under  the  direction  of  RDL  and  will  include 
a  detailed  evaluation  of  the  unit 's  performance.  The  evaluation  pro¬ 
gram  is  the  subject  of  this  memorandimi, 

C.  Edulpment  Description. 

The  facility  is  an  assembly  of  equipment  mounted  on  a  permanent 
steel  frame  to  allow  it  to  be  moved  readily  to  any  site.  It  Is  complete 
in  itself,  requiring  only  process  and  utility  connections  for  operation 
as  a  treatment  system. 

The  facility  Includes  a  feed  pump  for  ciTectlng  the  transfer 
of  stored  wastes  from  existing  storage  tanks  to  a  feed  tank  in  which  re- 
cycled  residue  or  concentrate  is  mixed  with  dilute  fresh  feed.  The 
mixture  flows  by  gravity  from  the  feed  tank  to  a  Pfaudler  Wiped  Film 
Evaporator,  \rtiere  condensing  steam  vaporizes  peui;  of  the  feed.  Un- 
vaporlzed  residue  drains  into  a  residue  tank,  from  which  it  Is 
pumped  hack  to  the  feed  tank  or  to  a  sludge  receiving  drum.  The 
vapors  pass  through  an  entrainment  separatpr  In  the  evaporator  and 
an  external  sepeurator  to  a  condenser.  Condensed  vapors  or  distillate 
drain  Into  either  of  two  receivers.  From  this  receiver  the  distillate 
is  puaqped  through  either  or  both  of  two  mixed  bed  deminerallzers  to 
either  of  two  final  monitoring  tanks.  After  this  final  check  point 
the  distilled  and/or  demineralized  water  is  discharged  from  the  facility. 

The  facility  is  designed  to  be  vapor  tl^t,  but  is  expected  to 
be  operated  under  a  slight  negative  pressure  to  prevent  any  out-leakage. 
The  negative  pressure  will  be  produced  by  a  fan  or  blower  to  which  the 
vent  line  is  connected. 

Sample  or  drain  points  are  provided  so  that  activity  checks 
may  he  made  of  the  solution  at  any  point  in  the  facility  and  so  that  it 
can  be  conqjletely  drained. 

Provision  is  also  made  to  recycle  solution  through  any  com¬ 
ponent,  even  back  to  the  main  storage  temks,  but  no  provision  been 
made  for  by-passing  the  evaporator. 

D.  Operational  Description. 

Figure  1  Is  a  flow  diagram  of  the  Waste  Treatment  Facility. 

The  waste  water  from  storage  tanks  external  to  the  unit  is  drawn  thrcugh 


a  3A-ln.  feed  line  and  line  3/4  A-i  to  the  self -priming  feed  pump, 

P-1,  This  pump  then  elevates  it,  through  l/2  A-2  to  the  feed  tank, 

T-i.  Rate  of  flow  to  T-1,  as  indicated  by  the  rotameter,  FI-1,  is 
held  to  a  maximum  of  about  1  gpm  by  a  manually  positioned  valve.  The 
flow  is  further  reduced  by  control  valve,  LCV-1,  which  opens  on  low 
level  in  the  concentrate  receiver,  T-2,  and  closes  on  high  level.  This 
control  prevents  evaporation  to  dryness  or  flooding  of  the  system  by 
a«i Justing  the  fresh  feed  rate  to  maintain  a  constant  level  of  solution 
in  T-2. 


Concentrated  solution  is  pximped  from  T~2  to  T-1  at  a  nearly 
constant  rate  by  P-2.  It  overflows  from  a  2-in.  pipe  inside  of  T-1  to 
mix  with  fresh  dilute  feed.  The  mixed  solution  flows  by  gravity  from 
T-1  to  E-1  through  a  venturi  flow  indicator,  FI-2,  and  around  a  pH 
electrode.  The  pH  of  the  solution  is  recorded  on  the  control  panel. 
Should  this  vsilue  be  too  low,  the  operator  will  add  caustic  solution 
from  a  bottle  feeder,  T-5,  to  T-I. 

Solution  flows  down  the  inside  of  the  steam  heated  walls  of 
the  evaporator,  E~l.  Residue  drains  from  E-1  to  the  Concentrate  Re¬ 
ceiver,  T-2,  and  water  vapor  passes  through  the  internal  separator  of 
E-1  to  the  external  separator,  S~l. 

Specific  gravity  of  the  concentrate  is  measured  by  bubbling 
air  slowly  into  the  bottom  of  the  2-ln.  concentrate  overflow  pipe  of 
T-1.  The  air  pressure  required  to  obtain  bubbling  is  equal  to  the 
hydrostatic  head  which,  because  of  the  fixed  liquid  leg,  is  a  direct 
measure  of  specific  gravity.  Specific  gravity  measured  in  this  way 
is  recorded  by  DRA-l. 

VThen  the  specific  gravity  of  the  concentrate  reaches  a  pre¬ 
determined  value,  the  operator  will  take  a  sample.  If  on  cooling  to 
100°  F  the  sample  solidifies,  then  the  flow  of  concentrate  from  T-2  to 
T-1  is  diverted  manually,  in  whole  or  in  part,  to  a  55  gallon  drum. 

After  removing  sufficient  concentrate  to  lower  its  specific 
gravity  sufficiently  as  shown  by  ERA-l,  the  concentrate  drain  valve  to 
the  drum  is  closed. 

This  removal  of  concentrate  or  sludge  is  done  without  Inter¬ 
ruption  of  the  evaporating  process.  The  record  shown  by  DRA-l  will  be 
one  of  slow  increase  in  specific  gravity  during  concentration  with  an 
abrupt  decrease  when  sludge  is  removed. 

Water  vapor  produced  In  the  evaporator  passes  through  two  In¬ 
ternal  separators  and  exits  to  the  external  sepiarator,  or  demister,  S-1. 
Any  liquid  which  collects  In  S-I  drains  back  into  T-2.  Prom  3-1  the 
vapor  goes  to  the  condenser  C-1. 
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WAter  condensed  in  C-1  drains  ii^to  either  of  the  two  distilled 
water  receiver  tanks,  T-3  or  T-3A.  A  3-way  air  operated  valve,  ISV-1, 
directs  the  flow  to  either  T-3  or  T-3A.  A  probe  type  level  switch  in 
T-3  and  in  T-3A  is  the  prioary  seiisiag  device  which  controls  the  air 
supply  in  LSV-1.  These  will  operate  to  change  the  direction  of  flow 
froB  the  tank  being  filled  to  the  other  on  high  level.  An  alar»  will 
sound  when  the  switchover  takes  place.  A  manual  push  button  will  be 
required  to  turn  off  the  alarm. 

After  a  receiver  tank,  T-3  or  T-3A,  hat  filled  and  ISV-1 
has  redirected  the  flow  of  distilled  water  to  the  other  tank,  the  op¬ 
erator  will  start  the  distilled  water  pump,  P-3*  to  pump  the  water 
throu^  the  demineralizers. 

Valving  will  provide  ccaaplete  flftkibility  in  the  use  of  the 
two  demlnerallzers,  IX -1  and  IX-2.  It  will  be  possible  to  use  either 
unit  alone  or  in  either  of  the  two  possible  series  connections. 

Demineralized  water  is  collected  in  either  of  the  two  300 
gallon  Monitoring  tanka  T~k  and  T-4A.  As  in  the  case  of  the  distilled 
water,  a  3-way  air-operated  valve  will  divert  the  demineralized  water 
to  the  other  tank  and  sound  an  slam  each  tlTO  a  tank  fills  to  the  level 
of  the  sensing  probe.  After  the  activity  of  the  demineralized  water 
collected  in  a  monitoring  tank  has  been  checked,  the  contents  of  the 
tank  are  pumped  by  P-4  either  to  waste  or  back  to  T-3  or  T-3A. 

III.  PROPOSED  PROGRAM. 

A.  Discussion. 


Prior  to  release  of  the  facility  to  the  U.  3.  Army  Chemical 
Corps  Materiel  Command  for  routine  operation,  the  Nuclear  Defense 
Laboratory  will  evaluate  the  unit  to  fulfill  the  objectives  outlined 
in  section  I  and  to  train  the  future  operating  personnel.  Since  this 
will  be  the  first  time  a  wiped  film  evaporator  has  been  used  for  radio¬ 
active  waste  treatment,  data  obtained  during  this  evaluation  program 
will  pennlt  compeurlson  of  efficiency  and  capability  with  standard  evap¬ 
orators  . 


In  addition,  experience  gained  during  the  program  will  MSiat 
in  the  completion  of  an  operational  manual  and  will  provide  a  basis  for 
future  recommendations  in  radioactive  liquid  waste  disposal. 

During  the  evaluation  program,  the  unit  will  be  operated  for 
one  shift  only.  The  unit  will  be  started  up  in  the  imaming,  operated 
for  ^  to  6  hours,  and  shut  down.  One  day's  operation  will  constitute  a 
run.  Data  and  samples  will  be  taken  after  the  unit  has  reached  steady 
state  (estimated  at  less  than  1  hour).  A  sample  data  sheet  for  one  run 
is  Included  As  Appendix  A.  It  Is  estimated  that  the  test  program  will 
be  completed  In  six  months. 


The  accumulated  wastes  at  the  Ai’my  Chemical  Center  will  be 
treeted  during  the  test  program.  Preliminary  suialyses  of  these  wastes 
indicate  that  the  activity  level  ranges  from  10"2  to  10“5  ^c/ml,  the 
pH  is  between  4  Md  7  and  the  total  solids  content  is  0.0556  to  0.556- 
It  is  expected  that  similar  additional  waste  will  be  received  during 
the  test  period.  Since  these  wastes  come  from  decontamination  opera¬ 
tions,  laboratories,  and  laundries,  almost  any  nuclide  may  be  present. 

Federal  Register  Part  2U,  "Standards  for  Protection  Against 
Radiation’',  penalts  1  x  10“8  pc/ml  of  radiation  of  unknown  radiochemical 
composition  to  be  discharged  into  water  in  an  unrestricted  area.  If 
specific  nuclides  are  known  to  be  absent,  higher  activity  levels  may 
be  discharged.  In  particular,  absence  of  Ra228  and  Ra226  vlll  allow 
discharge  of  1  x  10"7  ^c/ml  activity.  In  addition,  if  Pb210  and  Sr90 
are  absent,  6  x  10~7  jic/ml  may  be  discharged,  and  so  on.  If,  during 
the  operation  of  the  waste  treatment  facility  it  is  found  that  the 
effluent  from  the  evaporator  has  an  activity  level  of  1-6  x  10~7  fjc/al, 
a  determination  of  Ra^^®,  Ra‘228^  and  St9^  miglit  eliminate  fur¬ 

ther  pzvoeeei^Su  The  availability  of  relatively  q.uick  and  simple  "analy¬ 
tical  means  for  determining  these  nuclides  would  conserve  ion-exchange 
resin  and  reduce  operational  cost.  Appendix  B  discusses  available 
analytical  technlq.ues  for  determining  the  concentration  of  the  hazard¬ 
ous  nuclides. 

During  this  evaluation  the  decontamination  factors  for  the 
evaporator  and  ion-exchange  units  will,  is  investigated  to  assure  proper 
performance  vinder  a  variety  of  solution  compositions.  The  decontamina¬ 
tion  factors  for  available  waste  solutions  can  be  determined  by  alpha 
and  beta  counting  of  an  evaporated  sample  of  effluent.  In  order  to 
perform  a  more  significant  evaluation,  it  would  be  worth>rtille  to  spike 


be  fovind  in  Army  use.  Pb2-l-0  foxmd  In  the  mining  industry,  whereas 
the  Army  works  with  fission  products  and  Induced  activities.  Also,  it 
is  desirable  to  spike  the  waste  with  nuclides  that  will  most  probably 
be  present  during  routine  treatment.  For  example,  Is  prominent  in 

the  samples  of  waste  from  the  an-l  reactor  at  Fort  Belvoir,  Virginia. 

To  fully  evaluate  the  performance  of  the  equipment  with  these  materials, 
it  would  be  desirable  to  analyze  the  effluents  from  each  stage  for  the 
residual  carry-through  of  these  nuclides.  For  this  type  of  evaluatlou, 
analytical  procedures  that  have  been  laboratory  tested  are  necessary. 

A  complete  discussion  of  the  available  procedures  and  recommendations 
is  included  in  Appendix  B. 

B.  Operating  Variables. 

1-  Feed  Pate  and  Recycle  Ratio,  to  Evaporator. 


Initial  runs  will  determine  the  effects  on  the  DF  and  CF  of 
varying  the  feed  rate  and  recj  le  ratio.  The  feed  rate  is  determined 


by  the  amount  of  liquid  distilled  in  the  evaporator^  and  actvially  can 
be  varied  only  by  varying  the  steam  input  to  the  evaporator.  Funs  at 
reduced  capacity  will  be  used  to  determine  the  DF  and  CF  as  a  function 
of  capacity. 

The  recycle  ratio  will  be  controlled  by  a  throttle  valve  in 
the  recycle  line.  Special  efforts  will  be  expended  to  evaluate  the 
effect  of  the  recycle  ratio,  since  it  can  be  controlled  easier  than 
the  feed  rate.  It  i.e  possible  that  the  effects  of  the  feed  rate  and 
recycle  ratio  on  the  DF  and  CF  will  be  small. 

^neity  of  sludge  solution. 

When  the  hydrostatic  head  in  the  central  overflow  pipe  of 
the  feed  tank  reaches  a  predetermined  value,  the  concentrated  residue 
Is  removed.  At  this  predetermined  hydrostatic  head,  which  is  directly 
proportional  to  the  density  of  the  sludge  solution,  a  valve  Is  opened 
by  the  operator  and  the  sludge  flows  into  the  sludge  drviffl.  The  higher 
the  sludge  density,  the  greater  is  the  solids  content  of  the  sludge  and 
the  higher  the  CF.  The  sludge  density  can  probably  be  raised  until  the 
solids  content  becomes  so  high  that  the  evaporator  and  recycle  pump  do 
not  function  properly.  The  DF  may  also  be  adversely  affected  by  a  high 
solids  content  In  the  sludge.  The  sludge  density  will  be  an  important 
variable  and  will  be  evaluated  thoroughly. 

3.  Feed  Composition  to  the  Evaporator. 

Since  the  evaporator  is  the  primary  component  of  the  facility, 
the  composition  of  the  feed  to  the  evaporator  is  a  major  variable. 
Therefore,  the  capabilities  and  limitations  of  the  unit  will  be  measured 
with  a  wide  variety  of  feeds.  The  ability  of  the  unit  to  handle  solu¬ 
tions  that  tend  to  foam  will,  be  determined.  The  DF  of  chosen  nuclides, 
such  as  ,  Sr^,  and  Co®®  will  be  determined  by  "spiking"  femd 

solutions  with  these  Isotopes.  Primary  coolant  water  will  be  stimulated 
and  processed.  Other  properties,  such  as  activity  level,  pH,  solids 
content,  and  temperature  will  be  Included  in  this  phase  of  work. 

4.  Feed  Composition  to  the  Ion  Ezcbanger. 

The  evaluation  of  the  effect  of  pH,  temperature,  etc.  should 
be  rather  simple,  and  csin  be  evaluated  simultaneously  with  other  variables. 
Much  of  the  information  may  be  avedlable  from  the  manufacturer  of  the 
Ion  exchange  resins. 

5.  Type  of  Ion  Exchange  Resin. 

The  Waste  Treatment  Facility  will  contain  two  ion  exchange 
units.  Initially,  one  of  these  -units  will  contain  standard  silxed-bed 
resins  and  the  second  one  will  contain  a  new  resin  which  is  used  specif- 


icaJly  for  Co^O.  Both  units  vi  li  contain  resins  manufactui'ed  by  the 
Pemtutlt  Division  of  PfaudLer  Permutlt,  Inc.  The  use  of  these  units 
alone  and  in  series  wl.1.1  also  be  evaJuated. 

6.  Steam  Tegperature  to  Evaporator. 

The  upper  limit  of  r.he  steam  temperature  in  the  evaporator  is 
determined  by  the  pressure  limitation  on  th®  steam  jacket  (l.e.,  Pressure 
-75  psig,  Temperature  =  3200  ^he  lower  limit  Is  determined  by  the 
Dolling  point  of  ^he  feed  solution  (probably  around  250°  F).  Consequently^ 
the  steam  temperature  can  be  varied  only  within  narrow  limits.  However, 
The  Pfaiidler  Company  states  that  the  steam  temperature  affects  the  DF  In 
the  wiped  film  evaporator.  This  may  not  be  an  important  var labile,  and 
should  be  readily  evaluated. 

7.  Time  and  Use. 

The  effects  of  time  and  use  will  be  difficult  to  evaluate  dur¬ 
ing  a  six-month  test  period.  Periodic  calculation  of  the  orerail  heat 
transfer  coefficients  in  the  evaporator  and  condenser  will  give* an  Indi¬ 
cation  of  scale  buildup  in  the  equipment.  Solids  and  activity  accumula¬ 
tion  in  any  of  the  equipment  will  indicate  weak  points  of  the  system. 
Repeating  some  of  the  initial  runs  neai'  the  end  of  the  six-month  test 
period  wlli  determine  if  the  concentrator  Is  retalnir.g  its  efficiency. 

The  evaporator  eind  any  questionable  equipment  will  be  disassembled  at 
the  end  of  the  test  period  for  Inspection. 

8.  Additional  Comments. 

The  amount  of  time  devoted  to  the  evaluation  of  each  veu*lable 
will  depend  on  the  Importance  of  that  variable  as  determined  by  the 
first  few  runs.  The  more  important  ones  will  receive  the  most  atten¬ 
tion.  As  stated  previously,  It  Is  estimated  that  a  major  portion  of 
the  program  will  be  varying  the  feed  solution. 

The  efficiency  of  the  unit  at  each  set  of  operating  variables 
will  be  evaluated  by  calculating  the  DF's  of  the  evaporator,  demister, 
and  Ion  exchange  units,  and  by  calculating  the  concentration  factor. 

The  EF  of  the  demister  can  be  estimated  by  measuring  the  activity 
and  volume  of  the  liquid  In  the  drain  line  from  the  demister.  The 
heat  transfer  coefficients  ’n  the  evaporator  and  condenser,  and  activ¬ 
ity  buildup  in  each  piece  of  equipment,  will  also  be  measured  to  de 
tennine  the  efficiency  of  operation  of  the  lunlt.  All  of  these  values 
can  be  calculated  from  the  data  taken  during  a  day’s  run.  A  sample 
data  sheet  for  a  day's  nan  is  included  as  Appendix  A. 

An  anticipated  difficulty  in  the  test  program  is  the  gathering 
of  representative  samples  from  various  tanks  and  lines.  Most  of  the  cal¬ 
culations  depend  on  the  sample  analyses.  During  the  first  few  weeks  of 
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operation,  foiir  or  more  aamples  will  be  taken  during  the  day.  If  these 
samples  differ  appreciably  In  their  analyses,  the  tanks  may  have  to  be 
agitated  during  the  test  prograai  to  Insure  adequate  mixing. 

Another  difficulty  that  may  be  encountered  Is  the  control  and 
separation  of  the  variables.  However,  as  experience  is  gained  in  operat¬ 
ing  the  equipment,  this  dlffic'ilty  should  be  eliminated. 

It  is  anticipated  that  the  evaluation  program  will  require 
six  months  to  complete. 
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APPENDIX  B 


PROPOSED  RADIOCHEMICAL  ANALYSES 


I.  ANALYTICAL  METHODS. 

A  search  of  available  literature  was  undertaken  to  locate 
analytical  procedures  for  Ra^^  ,  Rb.226^  Co60^  and  Sr90.  The  var¬ 
ious  methods  in  the  literature  were -reviewed  and  if  more  than  one 
wasi  available,  the  method  which  seemed  shorter,  most  applicable,  and 
requiring  a  miniawm  of  elaborate  equipment  was  selected. 

A.  Radium- 2 26. 


Radium-226  is  usually  determined  by  counting  its  3*8  day 
radon  daughter  by  the  emanation  technique.  This  technique  is  the 
most  sensitive,  but  requires  elaborate  equipment  and  considerable 
time.  A  number  of  methods  have  been  published  for  the  determination 
of  total  radium  (Ref.  1,2,3)*  The  method  chosen  was  selected  on  the 
basis  of  simplicity,  time  required,  and  its  designed  application. 
Baratta  and  Harrington  (Ref.  4)  report  an  analytical  procedure  for 
total  Ra  applicable  to  United  States  Federal  Register,  Title  10, 

Part  20  levels  or  below,  although  It  does  not  have  the  inherent 
accuracy  of  the  emanation  technique  for  Fa226.  The  method  was 
devised  for  application  to  uranium  mill  effluents  but  should  be 
applicable  to  liquid  waste.  Basically  the  method  determines  tot¬ 
al  radium  by  coprecipitating  radium  with  betrium  sulfate  in  the 
presence  of  EDTA.  The  precipitate  is  metathesized  with  sodium 
carbonate.  The  barium-radium  carbonate  is  dissolved  in  nitric 
acid,  find  the  resulting  solution  buffered  to  pH  U-  with  sodium  ace¬ 
tate-acetic  acid.  The  solution  is  then  extracted  with  2-thenoyltrl - 
fluoroacetone  (TTA)  in  benzene  to  remove  last  traces  of  contaminants. 
The  aqueous  layer  is  treated  with  sulfuric  acid  to  precipitate  bar¬ 
ium-radium  sulfate.  The  precipitate  Is  placed  on  a  planchet.  Ig¬ 
nited,  weighed,  and  counted  for  aJpha  €uid  beta  to  give  total  radium 
activity  and  chemical  yield, 

B.  Radlum-228. 

Radium-228  is  a  beta  emitter  and  it  is  more  difficult  than 
Radium-226  to  establish  its  presence.  The  radium  method  outlined 
will  carry  to  the  final  precipitation  kk^  of  any  actinium  present 
in  the  original  solution.  Actlnliun  is  also  a  beta  emitter.  There¬ 
fore,  beta  counting  the  final  precipitate  will  not  definitely  estab¬ 
lish  the  Ra228  content.  It  could  be  assumed  that  any  beta  activity 
is  from  Ra‘^‘'^  and  proceed  with  a  decision  to  pass  tne  evaporator 
effluent  through  the  ion-exchange  on  this  assumption.  An  estimate  of 
the  time  required  to  run  four  samples  for  total  radlvun  is  about  k  hrs. 


A  method  for  determining  has.  been  reported  by  the 

Winchester  Laboratojry  (Ref.  5)*  This  procedure  Is  dependent  upon 
the  determination  of  Fa228  dau^ter  actinium.  Purified  barium-radium 
sulfate  Is  stored  for  aj^nroximately  48  hours.  The  resulting  Ac228 
from  decay  of  Ra228  reported  by  means  of  an  actinium  procedure. 
Actinium  is  carried  on  lanthanum  fluoride,  ptirifled  by  means  of  ion- 
exchange  and  2-thenoyltrlfluoroacetone  extracticm,  flnSLlly  precipitated 
as  the  oxalate  and  counted  for  beta.  The  .1?a228  is  calculated  from  the 
Ae226  activity.  Radiochemical  purity  can  be  verified  by  following  the 
decay  of  Ac228^  This  procedure  will  take  as  much  6is  6  hours  for  the 
chemistry.  Because  of  the  lemgth  of  time  necessary  it  is  felt  this 
determination  cannot  be  considered  from  the  economical  standpoint  for 
analysis  of  the  evaporator  effluent. 

C.  3tx^mtium-9Q. 

TVo  applicable  methods  of  determining  Sr^Oare  reported  in  the 
literature,,  The  method  reported  by  Turk  (Ref.  6)  can  give  results 
accurate  to  +3<^  about  0.5  hour  iY  one  omits  the  chemical  yield 
determination  part  of  this  procedure.  This  does  not  include  the  time 
required  for  evaporating  a  one  liter  sample  to  15  ml  before  starting 
the  procedure,  A  time  of  1.5  hours  for  the  chemist i*y  la  required  to 
give  a  more  exacting  analysis.  The  method  involves  addition  of 
strontium  carrier,  repeated  purification  by  ferric  hydroxide  scaveng¬ 
ing,  followed  by  precipitation  of  barium  chromate  as  a  scavenging 
step  and  finally  precipitating  strontium  carbonate  >diich  is  mounted 
and  counted.  The  lower  limit  of  activity  that  the  method  can  de¬ 
termine  is  not  stated.  The  applicability  to  Part  20  levels  eind  below 
is  inferred,  but  should  be  e^qperlmentally  determined. 

The  second  Sr90  method  as  reported  by  Kool  (Ref.  7)  cjua  be 
used  to  determine  total  Sr  in  5  hrs.  The  sensitivity  is  better  than 
0.1  MPC.  Determinations  of  Sr  for  routine  applications  were  reported 
in  a  variety  of  water  compositions  euid  accurate  to  at  least  9011.  The 
procedure  does  not  require  evaporation  of  inltie^.  scunple  to  a  small 
volume  but  separates  Sr  from  a  3- liter  sample  by  precipitating  car¬ 
bonates  of  Sr  and  Ba  carriers.  Calcium  is  removed  by  nitrate  precipi¬ 
tation.  Barium  is  removed  by  repeated  barium  chioylde  precipitations 
and  the  strontlxim  further  purified  by  ferric  hydroxide  scavenging. 

The  strontium  is  finally  precipitated  as  the  carbonate,  weighed,  and 
CQjwted  for  total  strontium.  Sr90  content  can  be  defined  by  separating 
after  sufficient  ingrowth  period.  The  euivanteiges  of  this  method 
are  the  separation  from  the  bulk  water  sample  without  evaporation  and 
the  established  applicability  to  environmental  camples  such  as  river 
water.  In  actual  usage,  this  method  may  he  no  more  lengthy  than  the 
first  because  of  the  evaporation  step  in  the  first. 
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D. 


Strontium  Separation  from  Radium. 


Althovigh  radiochemical  methods  are  available  for  performing 
the  separation  and  quantitative  determination  of  Sr  and  Kaj  these 
methods  are  somewhat  time  consuming,  rejuiring  as  much  as  13  hoxirs. 

A  quicker  method  therefore  woxild  be  desirable.  Ideally,  a  sequentlail 
separation  scheme  based  on  one  pass  through  an  ion-exchange  resin 
column  would  provide  a  simple  and  perhaps  a  quick  method.  A  survey  of 
the  avallaMe  ion-exchange  literature  was  undertaken. 

Numerous  ion-exchange  schemes  are  described  in  the  litera¬ 
ture  for  separation  of  Sr  (Refs»  10“19)  and  Ra  (Pefs.  4, 5^12, 20,21). 

It  is  possible  to  combine  certain  of  these  described  separations 
schemes  to  provide  a  sequential  ion-exch«mge  method.  Kraus  (Ref.  12) 
reports  a  column  technique  for  separating  all.  the  alkaline  earths 
using  an  inorganic  ion -exchange  column  of  zirconium  molybdate.  The- 
column  material  is  not  commercially  available  and,  therefore,  would 
have  to  be  prepared  in  the  laboratory.  The  absorption  characteristics 
of  cations  other  than  alkaline  earths  have  not  been  reported.  Inter¬ 
ferences  would  have  to  be  established.  The  column  operations  are  rel¬ 
atively  rapid  and,  If  the  effluent  solutions  could  be  passed  directly 
into  the  column  without  any  pretreatment,  a  rapid  determination  woxild 
be  possible.  Developmental  work  would  be  necessary  to  provide  a  work¬ 
ing  analytical  procedure.  Pursuit  of  a  development  program  to  devise 
a  sequential  ion-exchange  procedure  is  unwarranted  for  the  evaluation 
program.  The  development  time  necessary,  with  possible  little  reduc¬ 
tion  in  time  of  performing  euialyses,  etnd  economic  reasons  to  be  dis¬ 
cussed  later,  of  routine  analysis  during  operation  motivates  this  de¬ 
cision. 


E.  Cobalt-60. 

One  method  for  Cobalt  reporter!  by  Schneider  (Pef.  8)  is  de¬ 
signed  specifically  for  analysis  of  plant  waste  solutions  of  varied 
conqwsition.  The  method  is  reported  as  accurate  to  +10^  in  the  pres¬ 
ence  of  total  gamma  activities  of  1  x  103^  c/ml.  In  this  procedure, 
Cobalt-60  is  carried  from  solution  as  a  vlxture  of  insoluble  cobalt  (ll) 

Bind  iron  (ll)  hexacyanocobaltate  (III)  after  the  aquopentaaminecobalt  (ill) 
complexes  have  been  destroyed  by  reduction  and  acid  deammonation.  Re¬ 
moval  from  solution  la  reported  99.9^t  complete.  An  averaige  radiochemi¬ 
cal  yield  of  9^-1^  was  obtained  for  the  complete  separation  procedure. 

A  second  method  can  hr  devised  based  upon  a  method  reported 
by  Weiss  and  Peed  (Ref.  9)  for  d'^termlnlng  cobalt  in  seawater.  Cobalt 
is  cocrystallized  with  c-nitroso  -  6  -  napthol.  The  precipitate  is 
destroyed  by  treatment  with  perchloric  and  nitric  acids,  purified  by 
ion-exchange  and  eluted  cobalt  determined  spectrophotometrlcaLLly  by 
the  nltroso  -  P.  -  salt  method  (P.ef.  22).  This  procediure  could,  be  modi¬ 
fied  to  include  only  the  a  ~  nltroso  -  p  -  naphthol  scavenging  and 
Icn-exchange  purif Ication. 


The  wfcflte  solution  will  probably  contain  high  salt  concentra¬ 
tions  and  ccji^lexlng  agents  vfeich  aight  be  expected  to  play  a  part  in 
any  cobalt  reactions.  Therefore,  cobalt  aay  be  present  as  stable 
cobalt  (III)  aaalne  or  other  complexes,  a  radiocolloid  or  cobalt  (ll) 
ion.  If  these  assumptions  are  true,  the  first  procedvire  described 
would  be  recommended  for  cobalt  analysis. 

II.  mscuaaioH  csf  costrs  for  roktime  opkation. 


In  order  to  cosipare  the  cost  of  performing  analyses  against 
cost  of  ion-exchange  columns  several  assumptions  were  used.  First,  it 
war  asstmed  that  at  least  10,000  gallons  of  effluent  could  be  processed 
throui^  one  column  before  exchange  capacity  is  reached.  This  is  felt 
to  be  a  safe  estimate  since  the  ionic  content  of  condensate  from  the 
evaporator  should  be  very  low.  The  cost  of  an  ion-exchange  coliian  is 
$^00.00.  It  was  $iBsumed  disposal  of  the  ion-exchange  column  would  cost 
$200.00.  Thex*efo^e,  it  is  estimated  it  will  cost  seven  cents  a  j^LLlon 
to  process  the  effluent.  The  cost  of  analyzing  condensate  from  the 
evaporator  is  estimated  to  he  about  seven  cents  a  gallon.  This  is 
based  on  labor  alone  for  a  08-3  technician  without  added  chemlcsls  and 
equipment  costs.  Analyses  performed  on  300  gallon  hatches  would  re¬ 
quire  thirteen  hours  for  the  analysis  time.  Xf  the  analysis  time  could 
he  cut  to  eight  hours,  the  cost  would  be  about  five  cents  per  gallon. 
But  for  this  small  reduction  in  cost  considerable  time  and  labor  would 
have  to  be  expended  for  development.  It  must  be  borne  in  sdnd  that 
these  analyses  would  increause  the  activity  level  that  can  be  safely 
discharged  by  a  factor  of  60.  If  analyses  for  Fa  alone  were  performed, 
the  activity  level  that  could  he  discharged  would  he  Increased  by  a 
factor  of  ten*  The  determination  of  total  Ba  requires  an  estimated 
four  hours  and  the  labor  cost  would  be  about  2.3  cents  per  gallon. 
Therefore,  Ra  analysis  should  he  given  consideration. 

III.  RBCCMBgtIDATIOHa. 

A.  If  the  condensate  from  the  waste  disposal  unit  evaporator  has 
an  activity  approximately  1  x  10"7^  c/ml,  an  snalysls  for  total  radium 
should  be  performed  to  determine  if  passage  through  the  demlnerallzer 
is  necessary.  Based  on  time  and  cost  consideration,  analysis  for  other 
isotopes  is  not  Justifiable. 

B.  Laboratory  testing  of  the  proposed  procedures  should  be 
performed  to  establish  whether  these  are  workable  dhd  applicable  to 
this  problem. 

C.  Developaient  work  to  speed  up  analytical  procedures  by  use  of 
ion-exchange  methods  does  not  appear  to  be  Juatiflable. 
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